THE PLAN
In an effort to decentralize testing and empower field units to assess oil quality on demand, the Army seeks to procure hand-held and/or portable oil assessment devices that provide the user a rapid means of screening oil and give a straightforward direction to change or retain the oil.
The JOAP TSC was asked to put together a plan for market research and feasibility. In conjunction with Army wishes, the TSC considered the factors that should play into selecting what to measure (see List 1) and the critical functions of motor oil (see List 2). Subsequently, the TSC set out to tabulate various measurable properties and rank them according to ease of testing, occurrence (how often the oil fails to perform), and criticality for proper function (Table 1) . However, lack of access to the Army's database prevented the use of occurrence data for this effort.
Based on the Army's requirements, the TSC constructed specifications addressing three areas of performance: measurement and assessment, connectivity and electronics; and portability, usability, and durability. The TSC plan incorporates condition-based maintenance via limited wear debris analysis so long as it will be used to direct maintenance actions. Otherwise, the TSC recommends eliminating wear debris analysis altogether. The plan has several phases so that information gathered in each phase can be used to refine the subsequent phases and improve the overall results. Essentially, the optimal results will be the establishment of one or more CRADAs to develop prototype instruments appropriate for laboratory and eventually field testing.
Further communication with the Army indicated that the Oil Analysis Program staff settled on proceeding with six different types of assessment: kinematic viscosity, total acid number, total base number, water concentration, ethylene glycol concentration, and soot content. Accordingly, the TSC proposed performance criteria for those six tests and constructed a scoring sheet to be used for the demonstration phase.
A detailed description of the process follows....
Choosing what to test
In determining the properties or constituents worth measuring as an initial screening, there are three factors to consider in the selection process (List 1).
Ease of measuring a property depends on currently available technology, and that information is widely known. Ideally, occurrence information would be based on statistical models of historical data, but it can also be based on subsets of data and semi-objective inferrences from those data. Analogies from industrial data can also be used to predict the probability that the oil will fail to perform in a particular way. In evaluating the criticality, there are several issues we must consider in terms of the function of oil (List 2). Ideally, oil confers several benefits on moving and nonmoving parts. In each case, various properties are suggested by the roles the oil plays in the system.
In general, catastrophic losses occur from the loss of lubricity and heat transfer, whereas chemical degradation of the parts reduces the life of the engine over the long term. It would be unusual for antiwear agents or corrosion inhibitors to be depleted without incursion of water and changes in viscosity. Many of the species responsible for chemical attack of the engine (e.g., water) also affect lubricity and are indirectly accounted for in that matter. For example, an oil that contains enough water to matter chemically will most likely also have changes in viscosity and surface tension.
Using the functions of motor oil and the associated properties, we can prioritize the properties with regards to criticality in Table 1 . Occurrence is a statistical frequency derived from historical data, and OASIS should be able to provide those statistics. Probability is then inferred from statistics. Ease of measuring is based on current technology, and mirrors criticality in many ways because of the high demand for the ability to measure some properties. 
Basicity ii i
Antiwear additives ii ii
Corrosion inhibitors ii i
Solids ‡ ii i
Density ii
Rheological modifiers ii

Detergents/dispersants ii
Thermal conductivity iii iii
Heat capacity i iii § Surface tension, contact angle, and viscosity are linked due to the intermolecular forces responsible for both of them. Therefore, the ability to measure a change in one often implies the ability to measure a change in the other. Once one of these is measured, the need to measure the other independently declines. The interplay between cohesive and adhesive forces may be reasonably modeled using either surface tension (tensiometry) or contact angle (goniometry).
† Flammability may refer to fuel contamination measured by sniffer, gas chromatography, or other technique, or it may refer to flash point or similar test. ‡ Solids includes all wear debris, soot, sand, soil, or other insoluble matter, whether capable of passing through the filter or not. Filters should be sized to remove particulate matter large enough to adversely affect lubricity; this reduces criticality. Suspended solids can be measured via a particle counter, but this normally increases sample size. This is why ease has been rated at only one star for a portable device. 6. Small sample volume (e.g., < 2 mL) and requiring minimal effort to obtain (e.g., dipstick residuum) if consumed; if measurement can be made in situ, then requirement is to avoid depleting oil from the sump (e.g., < 2 mL loss); insertion of device or collection of sample must require minimal time (e.g., 90 sec).
Device characteristics
Minimal training requirements; essentially usable out of the box within 30 minutes
Oil assessment versus engine health assessment
Although the condition of the oil affects engine health, none of the quantities offered for measurement here reflect the engine condition. Consequently, it is proposed that wear debris analysis be incorporated at the time of oil change. Wear debris analysis is proposed through simultaneous rotrode atomic emission spectrometric analysis and filter debris analysis to be followed by an investigation into the corroboration of the results of the two techniques. This will ensure two condition-based maintenance components while still reducing the numbers of samples submitted for laboratory analysis and the results can be used to establish criteria for corrective and predictive maintenance (i.e., diagnosis and prognosis).
Final list of properties
Discussions with the Army OAP, as influenced by information from industrial sources, suggested that the list of properties be reduced to six: kinematic viscosity, total acid number, total base number, water concentration, ethylene glycol concentration, and soot content.
The TSC has proposed limits for parameters to be measured and requirements for data quality. Error refers to the maximal deviation from the correct value that is permissible when taking into account all sources of error (imprecision, uncertainty, bias, and/or inaccuracy) for a single test by a single operator. Allowable errors were based on reasonable estimates of uncertainty and requirements for oil performance as a function of the value of the parameter as contrasted with high quality virgin oils.
Kinematic viscosity
Proposed triggers were developed using the HMMWV (Humvee) as a model, but realizing that there are varying requirements established by original equipment manufacturers. Aggregate data reported by TARDEC were used to construct a "one-size-fits-all" limit; nonetheless, it is possible and desirable to rely on individual OEM limits for each equipment or component type and lubricant type.
The primary influence of soot is to increase viscosity through the development of agglomerations of sludge. This is substantially prevented by detergency and dispersancy. In the initial planning document, Determinations of both kinematic viscosity and soot content go primarily towards impacts on lubricity; however, they also affect heat transfer by changing the rate at which the oil flows through the system.
Phases
1. Contact manufacturers with information about requirements and objectives and request a response (4 weeks).
2. Review manufacturer responses and select top submissions for further consideration (2 weeks).
3. Invite manufacturers to present their wares and to explain how they mesh with Army requirements. Provide manufacturers with a scoring sheet to be used by TSC and AOAP. Allow 4 weeks for manufacturers to prepare their presentations.
4. Convene manufacturers to give one-hour presentations to demonstrate their equipment and its capabilities to AOAP and TSC staff. Evaluate equipment using scoring sheets.
Scoring sheet
The JOAP TSC prepared a scoring sheet for the combined evaluation by the Army OAP and the JOAP TSC staff. The scoring sheet was designed to objectify the process of evaluation as much as possible and to reduce the various kinds of information to a simple number score. Ideally, the scores will provide a straightforward mechanism for ranking the demonstrated devices and manufacturers.
It is anticipated that the top one or two devices and/or manufacturers will be offered the chance to engage in a cooperative research and development program with the U.S. 
